Preface
This book has grown directly from a network of European researchers set up under the aegis of COST (Cooperation in Science and Technology), largely funded by the European Union, and running from 1998 to 2003. Funding for the COST Action allowed researchers from 20 countries to meet three to four times a year in workshops, conferences and small groups to discuss issues of soil erosion around the broad theme of Soil Erosion and Global Change (COST 623). Many of the 114 contributors to this book were partners in the COST Action.
The book also grew from reflections and comments made by several experts [Jan de Ploey, R.P.C. Morgan, Mr Denis Peter (EU DG XII)] about the need for an overview of the extent, seriousness and impact of erosion in Europe. It comes at a time when Europe is, for the first time, developing a coherent soil protection policy. Another important political development, not unrelated to erosion, is the reform of EU agricultural policy driven by overproduction, excessive expense and concerns about environmental degradation and contamination. Reform of the Common Agricultural Policy and the new Agri-Environment measures has put the emphasis on the control of soil erosion and sediment pollution and the management of European landscapes in a more sustainable manner.
No comprehensive assessment of processes, rates, spatial distribution and significance of soil erosion exists for Europe. The literature is scattered and sometimes superficial. This book is unique in that it presents soil erosion assessments largely based on field observations and measurements throughout Europe, rather than on estimates using erosion models. The review considers on-site and off-site effects and erosional hotspots. The book aims to be of value to researchers, high-school teachers, students, policy-makers and all those involved in environmental protection.
The book consists of two parts: (1) an overview of soil erosion processes and problems in each country and (2) cross-cutting themes. The major erosion processes affecting arable land and noncultivated land are covered: water erosion, wind erosion, shallow landsliding, tillage erosion, soil losses due to root and tuber harvesting, land levelling, piping and physical degradation (surface sealing, crusting and soil compaction), major erosion factors, impacts, erosion models and government and agency response.
There are two important qualifications or explanations. First, in some countries the amount of data is minimal either because the subject of soil erosion has not been investigated or because erosion is deemed to be of minor significance. There are therefore many gaps in our knowledge which are revealed by this survey; it will be instructive to repeat the review perhaps in 10 or 15 years time.
Second, discussion of soil protection measures is limited for several reasons. It was felt that (a) a survey of erosional processes and their areal extent was already important in itself and therefore sufficient for one volume and (b) that soil conservation was much less investigated, and that this would be a more appropriate subject for review by members of COST 634 (On and Off-site Environmental Impacts of Runoff and Erosion: 2004-08 N and between 5 and 31 E. A north-south mountain range, with an elevation up to 2469 m, divides the country into a steep western side and a more gentle eastern side. The Gulf Stream has a meliorating impact on the climate. Yearly precipitation ranges from 278 to 3575 mm and average temperature ranges from +7.7 C (south-west) to -3.1 C (Finnmarksvidda in the north).
During several glacial periods Norway was covered with glaciers. After the ice disappeared, the south eastern part of the country was covered by sea. The most important deposits in Norway are bare rock, marine sediments, till, fluvial and glacial river deposits. The marine deposits are dominated by clay and silt and these are also the areas with highest erosion risk. The dominating soil types reflect the acid origin of the soil. Apart from Leptosols, the dominant soil types are Podzols.
Mountains and lakes cover 75% of the country, productive forests 22% and farmland 3%, whereas built-up areas cover less than 1%. The most important agricultural crops are grass, cereals, oil seed and potatoes. Fruit, berries and vegetables are produced locally if climate and soil conditions allow. Cereals and oil seed constitute 38% of total cultivated land, cultivated grassland 56%, potatoes 1.7% and root crops and green fodder 2.2%.
Soil Mapping in Norway
In 1988-89 an algae disaster caused the death of many sea animals in the North Sea and Skagerak. The pollution of water by nitrogen and phosphorus was indicated as the cause of the explosion of poisonous algae. The European countries bordering the seas agreed upon a 50% reduction of this pollution (North Sea Declaration) from 1985 to 1995. In Norway a reduction of erosion (P source) was politically prioritized and a soil-mapping programme was initiated for the watersheds feeding into North Sea and Skagerak.
The USLE (Universal Soil Loss Equation) model was adapted to Norwegian conditions. Erosion risk maps are produced based on soil and slope characteristics (from the soil mapping programme) and the USLE equation (Hole, 1988; Lundekvam, 1990; Arnoldussen, 1999) . Four erosion risk classes are distinguished on the erosion risk maps. Of the soil mapped, 22% falls in the low erosion risk class (<0.5t ha À1 ), 54% in the medium-risk class (0.5-2 t ha À1 ), 18% in the high-risk class (2-8 t ha À1 ) and 6% in the very high erosion risk class (>8 t ha À1 ). Today farmers receive subsidies when they, e.g, reduce tillage. The level of subsidy is related to the erosion risk class of the land. The soil erosion risk maps are used directly by farmers, advisory services and authorities for planning of soil erosion measures and giving subsidies.
The soil mapping activity has been concentrated in the grain production areas in the southern and southeastern parts of the country and in the Trondheimsfjord area in mid-Norway. These areas with cereal production and marine sediments are most prone to erosion. Today, an approximately 4700 km 2 agricultural area has been mapped, which is about 50% of the total agricultural area in Norway. However, most of the area which drains to the North Sea is mapped. 
HISTORICAL EVIDENCE OF EROSION
Historically, the marine areas had a higher level of erosion and some lakes were filled with sediment. A good example is the delta of Lake Øyeren, near Oslo, which was formed over many centuries. It is the result of natural erosion processes starting after the Ice Age for areas below the marine limit. However, human-induced erosion has increased considerably in modern times and both on-and off-farm consequences became clear. Sediment cores taken from Lake Øyeren document increased erosion in this area due to land use changes in agriculture. Production systems have changed from grassland and husbandry to cereal production and soil tillage in autumn. The change in production systems, which was a result of political decisions and promoted by subsidies, also resulted in intensive land levelling and caused higher erosion rates.
CURRENT EROSION PROCESSES
Soil erosion in Norway mainly occurs in autumn and spring. In autumn, heavy rainfall on a nearly saturated soil can cause soil loss through surface runoff. In spring, erosion is caused by heavy snowmelt, sometimes in combination with a frozen (sub) soil (Njøs and Hove, 1986; Lundekvam and Skøien, 1998; Øygarden, 2000; Lundekvam, 2002) . Both water and wind erosion occur in Norway, but it is generally believed that water erosion is the most important. Water erosion is also a problem related to the pollution and eutrofication of rivers and lakes. Wind erosion may occur owing to strong wind on dry, uncovered, sandy soils. As an example, this often happens at Jaeren (south-west Norway) along the coastline where sand dunes are formed. Only water erosion has been measured in Norway and will be dealt with in the following.
Soil erosion by water in agricultural areas in Norway can be divided into the following:
A. sheet and rill erosion occurring over most of the agricultural area; B. deeper rilling due to concentrated flow by surface runoff, which, in severe cases turns into C. gully erosion; D. erosion in connection with tile drains, main outlet pipes and inlet tanks to such pipes if errors have been made regarding dimensions or construction of the systems, or the systems have been damaged later.
In addition we also find the following erosion types:
E. Erosion in streams and rivers, occuring due to scouring of the bottom and banks, earth slides into rivers and soil creep narrowing watercourses; F. erosion in glaciated areas (constituting about 1% of Norway).
Farming practices directly influence the occurrence of erosion types A-D. Erosion type E may also be affected by farmers' choices due to actions that may stabilize or destabilize river channels.
The importance of all these types of erosion differs according to natural factors such as climate, topography, soil type and vegetation, and also various human actions including agricultural activities. Sheet and rill erosion have been measured in plot experiments (Table 1.1.1) over many years (Njøs and Hove, 1986; Lundekvam and Skøien, 1998) and in small agricultural catchments (Lundekvam, 1997; Øygarden, 2000) on different soil types and under different cultivation systems. This research (locations are given in Figure 1.1.2) , show that surface runoff and erosion risk on agricultural areas in south-east Norway generally were highest during late autumn, winter and spring owing to surface runoff because of frost in the soil and/or saturated soil. This seasonal distribution of soil erosion risk over the year, which affects all types of erosion, implies that no-till Norway will decrease soil losses compared with tillage in autumn. Actions against this type of erosion are thus based on solid scientific evidence. This was also the basis for governmental support for no autumn tillage.
There are no measurements of soil erosion covering all of Norway and it is not possible to quantify all the different erosion processes. However, there is no doubt that in agricultural areas processes A-D above will all be important, and these processes have been greatly increased by land levelling.
Field-scale (0.35-3.2 ha) measurements of erosion during a 6-year period in the Akershus county (Table 1.1.2) showed great variations in soil losses. For the smallest fields erosion was only measured in winters with frozen soils. The highest losses occurred after a combination of rainfall and snowmelt on partly frozen soil.
In the National Agricultural Environmental Monitoring Programme (JOVA), soil erosion and losses of nutrients and pesticides are monitored in agricultural catchments. Soil losses have been measured at the outlet of agricultural catchment areas of some square kilometres in the JOVA Programme and reported annually (e.g. Bechmann et al., 1999 Bechmann et al., , 2001 Vandsemb et al., 2002) . These measurements include all erosion processes (Table 1.1.3). The catchments Grimestad and Hotran have considerable erosion in stream channels. The catchments Skuterud, Mørdre, Kolstad, Grimestad and Volbu are all situated in the eastern part of southern Norway, Vasshaglona at the southern coast, Hotran in mid-Norway and Naurstad in northern Norway.
These catchments include different management systems, crops and tillage and should be representative of production systems in different regions. The catchments Skuterud and Mørdre represent areas with marine sediments and cereal production, assumed to be high-risk erosion areas.
By use of the ERONOR model (Lundekvam, 2002) , the climatic erosion risk for sheet and rill erosion has been estimated in four regions in Norway where relative values compared with Aas (south-east Norway) were Aas 1, Mjøsa region 0.25, Jaeren (south-west Norway) 1.9 and mid-Norway 0.77. However, owing to differences in soil types and agricultural practices, the resulting erosion rates in these areas including erosion TABLE 1.1.1 Sheet and rill erosion measured on plots at five sites in south-east Norway, 1992 -2000 (Lundekvam, 2002 . Precipitation was 7% higher and temperature 0.9 C higher than the 1961-90 average. 
